Research has identified a need for design of interactive products for children, as well as long-term studies that investigate the effects of its use in the classroom environment. Following the design and development of a digital manipulative system for storytelling, which involved preschool children and teachers, the investigation presented here reports findings from a four-month evaluation of the system that was carried in a Portuguese preschool involving 24 pairs of children. During the four months the researchers were able to observe children's interaction with the digital manipulative system that was not biased by the novelty of the system or by time constrains. The gathered data showed that children used the digital manipulative system to create stories and play language games, which are activities that foster the development of oral language and emergent literacy, and are formally targeted in the preschool curriculum. The system provided challenge and adventure, motivating children to collaboratively explore and create narratives, empowering each child to actively participate in the task.
Introduction
The work presented here is part of a broader study that was carried for a period of four years in a Portuguese preschool. 1 The overall aim of the study was to design and evaluate a digital manipulative system 2 that stimulates storytelling and oral language development in preschool children.
The study was structured in two main phases: the first one was dedicated to the design and implementation of the interface, and extended for a period of three years, involving six pre-school classes (ages five) and six preschool teachers [3] . Following the implementation, the researchers carried out three interventions at preschool for a period of around one year. The first one, (which we report here) was performed with 24 pairs of children from two preschool classes, who interacted with the interface during freeplay time for a period of four months, and aimed at investigating how children used the system and the kind of activities in which they involved during free-play time. The second intervention was carried out in collaboration with a preschool teacher with a group of 20 children during three months, and investigated to which extent the use of the digital manipulative system promoted the development of language abilities that are relevant for formal literacy learning. Finally, the last intervention studied the narratives created by 27 pairs of pre-schoolers, while using the interface for a period of six months [4] .
The motivation to develop digital manipulatives for preschoolers emerged out of: -The need expressed by leading researchers in the field of Child
Computer Interaction ''for research in the design of interactive products for children, related methodology, as well as a scientific account of the interaction between children and technology'' [5] :2. -The need expressed by educational professionals and researchers for learning materials that meet children's physical and cognitive needs [6] ;
-The need for more long-term evaluations, including evaluations in the classroom [7, 8] ; -The potential of digital manipulatives to involve children in expressive and exploratory learning activities [2, 9] .
The intervention reported in this article had an exploratory nature, and aimed at investigating if the interface was intuitive to use for the children, if they would choose to play with it among the other activities they could do during free-play time, and if yes, whether it was capable of involving children in meaningful activities, or on the other hand if children would lose interest after the initial use. Overall we wanted to investigate the extent to which the use of digital manipulatives can support the development of oral language and emergent literacy [10] . These competencies play a major role in the learning of reading and writing, and are essential for the development of children's personal, social and academic skills. Three research questions were formulated: Is the interface attractive and intuitive to use for the children? In what kind of activities do the children engage, and is their involvement long lasting, or merely a result from the new digital artefact? Can digital manipulatives contribute to the development of early literacy, promoting creative thinking and the construction of narratives?
Before presenting the digital manipulative system and the study, we will briefly highlight the importance of oral language development in the pre-school years and then provide a short overview of the design process explaining the choices we have made.
Background and related work

Language development and early literacy
The development of oral language is among the major challenges that children face during the preschool years; this is also the 'best' learning period to formally learn the language [11] . Language develops primarily to communicate with others, and through the interaction with others, in a process that is essentially social and interactive [12] :103. At the same time language mediates learning, and is a tool to organize the world [13] :6 empowering children to express themselves, to communicate with others and to participate actively in educational activities ( [13] ; [14] : 8 and [15] ).
Yet, the acquisition and development of oral language is a long and particularly complex process, which reaches its critical development during the preschool years, a period of rapid conceptual and lexical acquisition.
During this period children begin to develop ''emergent literacy skills'', which are ''developmental precursors to conventional reading and writing skills'' [16] :21. The variety of rich literacy experiences is fundamental for the development of emergent literacy, and is directly related with children's degree of exposure and active participation in literacy environments, where they interact with meaningful materials, within social contexts that scaffold and encourage emergent literacy attitudes [17] [18] [19] [20] .
Storytelling is a creative and playful way of linguistic exploration [21, 22] that promotes the development of oral language [23, 24, 21] , providing opportunities for creative thinking and social interaction [22, 25] , helping children learn to express themselves and communicate with others, gradually acquiring the discourse rules [26] . Stories help children to ''develop more sophisticated language structures, accumulate more background information and have more interest in learning to read. In addition active participation in literary experiences enhances the development of comprehension, oral language and a sense of story structure'' [24] :646.
Storytelling technology in school
The use of technology in school may play an important role in supporting the development of oral language and emergent literacy in a collaborative peer context, however such potential has been ''under-explored'' [27] :81. Well-designed interactive technology has the potential to offer four key characteristics of effective learning environments: active engagement, collaborative learning, frequent and immediate feedback, and connections to real world contexts [28, 29] .
Yet, the use of technology in preschool is still uncommon [30, 31] even though a significant number of teachers consider it useful as preparation for school [32] . The use of technology to support literacy development is even more infrequent, as stated by Yarosh and collegesYaroshetal2011. In an extensive examination of 137 long papers presented at the Interaction Design and Children Conference (IDC) for the period between 2002 and 2010 the authors reported that technology to support literacy development was the focus of merely 8% of all papers (with a decreasing trend).
As opportunities for IDC, the authors expressed the need for more long-term evaluations, and the need to investigate whether the technologies remain compelling for the children after the novelty effect is gone [7] :143. They also challenged researchers to design for a larger variety of ages, as the majority of IDC papers targeted children between six and twelve. These results confirm findings from previous reports, which concluded that the great part of research on technology and children over the last two decades addresses mostly older children with a pick around ten years of age, [33] [34] [35] .
Just a few years before the development of tangible technology [36] , examples of desktop computer applications that target the development of collaborative storytelling for children were created by [37] , who first included young children, technologists, and educators in the design of the technology [38] . One of these projects the KidStory [39] involved around 100 children aged between five and seven from two schools in England and Sweden. The project resulted in the development of a collaborative environment for storytelling (by using a Single Display Groupware system that supports several mice plugged into the computer), which allowed children to create non-linear structured stories.
The PictoPal [40] is a more recent example of an application for desktop computers designed to foster the development of emergent reading and writing skills in four and five years old children, which was carried at preschool involving children and teachers.
Touch and tangible technology
More recent projects such as Fiabot, Castor, or VisMo are applications for tablet devices. The Fiabot [41] explores the creation of interactive and multimedia stories. Similar to our study, but involving two primary school classes (instead of preschoolers), this project extended for a period of four years, and investigated the development of technology that supports existing teaching and learning practices. Castor [42] , a project carried out at primary school with the collaboration of teachers, consists of a tablet application in which children can create and edit stories outdoors, exploring the role of the environment and the potential of mobile technology for connecting outdoors structured learning and experience. VisMo [43] is a set of playful applications for preschoolers that run on multi-touch tabletops to promote creativity and collaboration. Other projects, such as Scratch Junior [44] or the Interactive Sticker Book [45] , use storytelling to introduce programming concepts for children.
Developments that use tangible technologies for storytelling vary widely, some approaches use books enhanced with embedded sensors and electronics, thus extending the experience provided by traditional books. Some relevant examples here are the MagicBook [46] , Telescrapbooks [47] , or the Bridging Book [48] .
Tangible Story Listening Systems, which according to Cassel may play a unique role in supporting emergent literacy [27] :81, [55] , which consist of small squares with an LCD display, TOK uses physical blocks to manipulate virtual content, enabling children to choose among a great range of story elements (up to 250 blocks) empowering them to create their own original narratives. The blocks allow multiple users to simultaneously manipulate the digital content, giving them freedom of movement and equal control of action, thus supporting collaboration [56, 57] , and ''facilitating communication and ''transparency'' of interaction between multiple collocated users'' [58] .
TOK's robustness, its easy setup and intuitive use are further characteristics that differentiate it from other tangible systems. Despite their potential to engage children in storytelling activities, many of the referred tangible technology is quite complex to set up and use on a regular basis in the classroom (e.g., Pogo, StoryMat, Sam the CastleMate, or the MagicBook) especially in the preschool environment where robustness and ease of use are core issues; or the tilt-based menu might be difficult for the children to manipulate (Siftables), moreover, some of the discussed interfaces represent conceptual prototypes (Telescrapbooks).
Digital manipulatives for playful learning-the case of TOK
Whilst it is beyond the scope of this paper to give a detailed description of the development process, in the following section we will briefly present some relevant insights that informed the design of the final interface. For more information the reader may refer to [3] .
Design and development
Following a Design Based Research methodology [59, 60] , the design and development of the interface involved six classes of five years old pre-schoolers, during a period of three years and followed an iterative, cyclical process of designing, testing, and redesigning [61, 62] always incorporating the feedback and the suggestions provided by the children and the teachers in the development of new prototypes.
As an example, to assess how children create narratives we used a low-fi prototype that consisted of an A4 cardboard and a set of paper cards with drawings representing characters, places and actions. By observing the children placing the cards in rows on the paper prototype we noticed that they were concerned with aligning the picture cards, based on that observations we choose to use slots for placing the cards in the functional prototype. This way we could simplify children's task, while offloading extra cognitive processes, as children would not have to worry about alignment issues.
Relatively to the size of the platform, we noticed that some children felt compelled to fill the complete cardboard with the picture cards, which lead us to reduce the size of the final prototype.
As the children placed the picture cards on the paper prototype following different patterns ( Fig. 3.1 ) while telling their storiessome began on the top, others on the bottom, others placed the cards on the middle of the prototype, and some used the space as a drawing -the final interface needed to identify: the content of each picture card, its location, and the order each card entered the system. This would allow users to randomly place the cards on the platform, without having to follow any determined order. Additionally the system needed to support connections between cards, or groupings of cards.
Outgoing from the idea of using picture cards, we chose tangible blocks for manipulating the virtual story elements, as blocks allow multiple users to simultaneously manipulate the content, thus supporting peer collaboration.
The interaction followed three development principles: visibility, rapidity and reversibility of actions [63] . The blocks make the interaction explicit and open [56, 58] ; give rapid feedback of the performed actions (placing a block on the platform immediately displays its digital content) and every performed action is reversible by removing the block from the platform, which is particularly relevant for content exploration [64] .
A tangible element that revealed to be extremely important was the microphone, as it strongly motivated children to verbalize their stories. Initially the microphone was not part of the system, however as we were video recording children's interaction with the functional TOK prototype we decided to connect a microphone to the video camera (that was placed behind the children) to improve the audio quality of the collected data. When the children saw the microphone they immediately appropriated it, and it became part of the interface, from there on the child that was speaking also hold the microphone, though the recording function was not implemented.
Short overview of the digital manipulative system
Presently, the TOK prototype is composed by an electronic platform that connects to a tablet through Bluetooth or to a computer via USB, and 23 physical blocks to manipulate the digital content ( Fig. 3.2 ).
In the current implementation the system detects up to 250 different blocks, however that number can be increased. The surface of the electronic platform has slots for placing the blocks. Both the back of the blocks as well as the platform have magnets on their surface that correctly snap the blocks to the platform, making it easy for the users to place the blocks while simultaneously assuring a stable contact between the blocks and the platform. Each block has a sticker with a picture of what it represents on the upper side and a conductive pattern in its base, which is detected by the capacitive sensor on the basis of the electronic platform (Fig. 3.3) .
Placing a block on the platform displays the corresponding digital content on the devices screen, creating a direct mapping between input and output. The sequence of blocks placed on the platform unfolds a narrative. Content corresponding to the pictureblocks is displayed on the screen following the order in which the blocks are placed, when a block is removed from the platform it disappears from the screen. The depiction of the characters on the displays is dynamic, and selected based on the story flow from the underlying storytelling engine, thus strengthening the narrative experience.
The blocks represent classical settings and actants in narratives for children, -heroes and opponents [65] -and are composed by characters, objects and nature elements (Fig. 3.4) .
The familiarity of the characters enables recreating variations from the original stories, as well as to create original stories. The five different scenarios (a castle landscape, a forest, a desert, ) - woods and a circus) enable locating the stories in different settings ( Fig. 3.5 ). The scenarios are dynamic; this means that each scenario has some elements (trees, cactus, rocks) that are displayed randomly each time the scenario is used. Children can change the scene, mix and remix the characters, and as there is only visual feedback (except for the ambient sounds), children can imagine and create their own spoken narratives.
Relations between the story elements
The story world was modelled to bring a certain degree of surprise in the unfolding of the narrative, and was designed using behaviour trees (BTs). The principle followed in the design of the BTs was to model a world that young children know from traditional story plots. Therefore we defined four types of entities: settings, characters, objects and nature elements. The settings are the background image where the action takes place. The nature elements (e.g., day, night, wind) enable the configuration of the story settings, e.g., the moon turns the day into night, the cloud blows everything away from the scene. The characters and the objects are categorized as good, bad or neutral; bad characters attack the good ones, good characters defend the neutral and help each other; both good and bad characters can join forces to defend or attack their opponents. Specific objects like a caldron or a flowerpot can be used to knock down bad characters and defend the good ones. A bad object (e.g., a poisoned apple) diminishes the health of a character; on the contrary a good object (e.g., a carrot) increases the health of a character.
Each entity has its BT, which defines its behaviour as well as the interactions with the other entities. Since each entity has its own pre-defined rules, and its behaviour depends on the other entities that are also placed on the platform, there are no predefined stories, nor a linear narrative, which brings a certain degree of unpredictability and surprise of the narrative outcome, allowing users to create a wide variety of different stories. We will illustrate this with an example (Table 3 .1): the princess is alone on the scene, where she is on idle behaviour, as soon as a second block is placed on the platform, the princess' BT detects the new entity and triggers her behaviour (according to the princess' BT). The wolf attacks the princess, she tries to escape, and now what happens further on the screen will depend on the blocks that will be placed next. There are several possibilities to help the princess, users can place a house, where she will try to hide (the wolf will try to blow the house away), or place another character to help (fairy, Zorro), or use the caldron to knock the wolf. Or as the children found out, simply remove the wolf, or the princess from the platform.
User study: assessing children's use of TOK in the classroom
Method
As previously mentioned the study described here reports on the first intervention after the development of TOK. The research followed an exploratory approach, as in this first evaluation stage of the working prototype the researchers wanted to gather information on how children handle the interface, whether it was intuitive to use and engaging (or if children would lose interest after the novelty disappeared) and if TOK was capable of involving children in meaningful activities, promoting the development of oral language and emergent literacy.
Participants
The intervention involved 24 pairs of children aged five from the same pre-school but from two parallel classes. None of the classes had participated in the design of the digital manipulative system, or had seen it before the intervention.
Procedure
The study took place during a period of four months, and was carried in the classroom during children's free-play time. Free-play time is an integrant part of the pre-school activities, and takes place everyday after lunch for around 45 min. During free-play time children can choose between four different ''activity areas'' (house, constructions, library and computer) to play on their own (without teacher's intervention). Each of the two participant classes had a TOK interface, which was placed in the computer area. The children could use TOK in pairs as long as they wanted (within the 45 min of the free-play time period); after finishing, another pair could use the interface. These procedures are part of the guidelines for multimedia use (during free-play time) in both classes. As always several children wanted to use TOK, the pairs were mostly assigned by the teachers, and consisted of five pairs of girls, seven pairs of boys and 12 mixed pairs.
Data collection
Two times a week on a regular basis a researcher visited the classes and collected the data using a video camera discreetly placed behind the interface. To better capture children's verbalizations a microphone was connected to the camera and placed on the table between the children and the interface. The researcher stood at the back of the room, observing and taking notes. In order to avoid any bias caused by the novelty of the digital artefact, the collection of the data began some weeks after children started using TOK.
Besides video recordings the data was collected using direct observation techniques, field notes, as well as semi-structured interviews with the preschool teachers. The interviews were carried in the classroom (at the end of the school day) once a month using a flexible interview script that intended to obtain teachers' perceptions of children's work with the interface, and its overall impact on children's oral verbalizations, as well as the extent to which the use of TOK was noticed in the daily classroom routines.
Data analyses
The observation of the videos, which were later transcribed and coded using Content Analyses [66] led to the classification of a set of categories, which were coded based on the amount of time that children spent using the interface, as well as aspects like collaboration, and the kind of activities carried (Table 5 .1).
To guarantee the reliability of the coding process two independent coders discussed the content of each category analysing and discussing video samples in order to attain the maximum consensus [67] , afterwards, each coder codified the videos independently. The inter-coder coefficient of agreement was calculated using Cohen's kappa formula [68] , and revealed an agreement of 0.953 (95, 3%).
The data was analysed through descriptive statistic techniques; when necessary the variables were crossed using crosstabs and when the variables were nominal the Chi Square test was applied. The Student t-test was used to compare means when the dependent variable was numeric, the level of significance considered was <0.05 or 5%. Table 5 .1 presents the coded categories of children's interaction with TOK, which will be discussed in the following subsections.
Results
Interaction time and collaboration
Considering that the amount of time that children play with technology is directly related to the pleasure of using it, we measured the time children played with TOK. The average interaction time of each child was 16.64 min, whereby 75% of the children verbalized the wish to play longer (as usually more than one pair used TOK during the 45 min of free playtime, the pairs that followed could not always play as long as they wanted).
The pairs that collaborated used TOK almost twice as long as the pairs that did not collaborate, with a mean interaction time of 19.24 min, versus 10.3 min (Chart 5.1). The Student's t-test for independent groups confirmed that the pairs that collaborated (71%) spent statistically considerable more time with TOK than the pairs that did not collaborate (value of proof of 2.261, which is significant for the level of p > 0.05), indicating a relation between interaction time and collaboration.
Children coordinated the interaction following different patterns, sometimes they spontaneously took turns to speak, sometimes they claimed their turn to continue the story (or start a new one), or they created the stories by building on each other's contributions. Children also divided tasks, when one child was narrating the other placed the blocks according to the unfolding of the story, as illustrated by following example (pair of girl and boy): 
Interaction strategies and narrative creation
Well-designed technology is easy to use, ideally having a low threshold to start but also supporting more sophisticated projects [69] ; during the evaluation of TOK we aimed to investigate how children would manipulate the physical blocks. We observed that the functioning of the manipulative system was very intuitive for the children. After some initial experimentation where they explored the blocks and the relations between them, most of the time children used TOK to create stories (71%), while some used TOK more as a game (29%) playing language games, testing different fight combinations, or trying to knock down different characters. Specially boys seemed to find a great pleasure in doing this, e.g., after knocking down the witch with the flowerpot, a boy says ''Touché'' and he and his pair begin to dance and sing. However, some pairs of boys also embedded the fights within a story:
Boy A-(singing): we like the night, when it is night the wolves came, Boy B-Yes, and they will come today, and every day. Boy A-and the ogres also came, when it strikes midnight! Huhu. . . . And now it comes the super hero, the knight. And now we will kill the wolf, and the witch too, but the knight lost the fight.
In the pairs of girls and the mixed pairs a great level of story dramatization was observable, for a detailed analysis of children's narratives the reader may refer to [4] .
Children quickly understood the functioning of the system and used this knowledge to shape their stories, for instance when a character was dead/defeated they simply lifted the physical block from the platform and placed it again, thus bringing the character to life (used by 70% of the children), 3 e.g., ''the princess died of eating this apple, I will give you a kiss'' (places the prince, and lifts the block of the princess, bringing the princess to life again).
Another strategy was knocking down unwished characters using the caldron or the flowerpot (50%). Further, children used characters to help others, or removed characters from the platform to help others/or to escape danger.
Children often began the narratives by defining a location for their stories, and changed the scenario according to the unfolding of the plot. Except for two pairs all used different settings, locating the great majority of the stories in the castle landscape (34%), or the forest (23%), only a group used the desert landscape. Following a story (told mainly by the girl that assumed the leading position in the pair), which she named ''Walking along the long paths'' exemplifies how the different settings inspired the children:
Once upon a time there was a prince who wanted to marry a princess. He was walking from one side to the other, looking for her. So he decided to travel, and travelled, there were strong winds, until he came to a village [places block with the circus landscape], but he did not like that village. He came to the desert [places block with the desert landscape] and finally he came to a castle [places block with the castle landscape]. It was a beautiful day and he had the feeling he was going to find a princess and he was going to marry her, but suddenly the witch appeared. They run to the forest [places block with the forest landscape] and the witch died. He returned to the castle [places block with the castle landscape] with the princess and they finally got married.
Embodied creation of the narratives
The physical manipulation of the story elements seems to have strongly contributed to children's immersion (absorption and active participation [70] :4) in the story world, as they become physically involved in the task they were performing. Elements that reflected children's embodiment were: playing different voice intonations for the various characters (29%), singing or mimicking ambient sounds (24%), as well as addressing the story elements (characters and objects) with direct speech (48%), e.g., the wolf is running after the pig, children place a house, as the pig does not hide in the house the girl says: ''what is going on little dummy? Just go inside the house!'' Sometimes children also spoke with each other about the characters, e.g., two boys try to knock down the wolf with the flowerpot, as they miss the target, one boy explains to the other: ''the wolf is a cheater he is doing hard-headed''.
Further, the children expressed their feelings of enthusiasm or anxiety physically, e.g., standing up from their chairs, waving arms, clapping hands, or jumping joyfully. Some groups were so excited with the stories that they called the teacher and told the whole class what had happened, spontaneously sharing their experience. 
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In such moments other children would join around TOK to see what happened, taking part in the interaction by commenting and giving suggestions.
Reflections over the narrative
Around a third of the pairs (37.5%) ordered or sorted the physical blocks on the table to have a good overview of all the elements, some pairs also used that strategy to plan the stories in advance. For instance one boy builds rows with the blocks saying: ''That way is easier to find''.
Children reasoned about which characters or objects they ought to choose in order to achieve a certain story outcome. They considered consequences and implications for the unfolding of the narrative, e.g., when placing certain elements that had magic powers, such as the apple, which poisoned the good characters. They reflected over the implications of choosing certain characters or elements, e.g., they preferred to place the brick house instead the straw or the wooden house since it offered a secure shelter. Children supported their narratives, explaining the unfolding of the plot, e.g., ''the fairy became little, but she grew again as she took a magic portion''. Or they reasoned about what happened in the story: ''the angry man died because he ate the poisoned apple''. Also, by creating variations of the traditional stories the children reflected on the narrative:
There was a village where there were a wooden house, a straw house and a brick house. There lived a little pig, which had two brothers, he wanted to invite them to visit him but there was also a wolf and the little pig was afraid that his brothers would not come. The brothers came and stood with him, they hid in one house and then went to another one, so they could escape the wolf.
Further, children often explicitly ended their stories (''and this is the end of our story'', or ''victory, victory, here ends our story'').
Teachers' opinion regarding the use of TOK in the classroom
As previously mentioned, along the intervention the researcher carried semi-structured interviews with the preschool teachers. The teachers referred that TOK was used everyday in both classes, and children did not use the computer during that time. As several children wanted to use the interface, the teachers opted to create a list of users to have an overview of the children that had already used TOK, so that everyone could use it.
Both teachers reported that the use of the manipulative system motivated the children to engage in creative narrative construction, as well as playing various language games. They considered that the use of TOK stimulated children's imagination and creativity, giving them new ideas for their stories. According to both teachers, the interaction with peers (which was promoted by the physicality of the input devices) was a major factor for stirring and maintaining children's motivation. One of the teachers stated that children liked to handle the blocks in the hand and see the correspondence between the physical block and the virtual animation.
Further, the teachers pointed out that the tool was a good complement to the traditional storybooks, as children recalled and established relations with the stories they knew but also expanded them creating original story versions. Additionally they referred that the use of TOK sparked a renewed interest in hearing familiar stories such as ''The three little pigs'', or ''Snow white''.
The teachers considered that the use of the microphone was a central motivating factor for verbalizing the stories, as children liked to speak into it. In fact, the children always wanted to hold the microphone when they were speaking. Building on their observations the teachers suggested that it would be good if children could record their stories, as hearing them would help children to reflect over their creations, besides allowing teachers and parents to track children's development over time.
One teacher said that TOK helped children that were shyer and quieter as it promoted peer collaboration, but also supported individual interaction. The teachers expressed the wish to use the interface from the beginning of the following school year, starting with a couple of blocks and gradually introducing more. However, they missed different sets of blocks (e.g., animals, transportation, school) to explore different contents. Moreover, teachers referred that they would also use the manipulative system to carry guided activities.
Discussion
The long-term study (four months) made it possible to observe a significant number of children (24 pairs), who could use the tool on their own during free-playtime. As the children had some initial time to get used to the interface, it was possible to gather data that was not biased by the novelty of the system. One of the participant teachers is using the manipulative system in her class for the third consecutive year, and as she told us, the children continue to play with it regularly.
The physical blocks (used to manipulate the digital content) gave users freedom of movement, supporting children's physical immersion in the story (gesturing, standing up, waving hands or jumping), as well as the embodiment of different characters [4] , showing children's enthusiasm and involvement in the task. According to Wright embodiment is ''deeply embedded in the children's act of meaning-making itself''.
Along with this sensory dimension, which seems to influence the quality of the experience in a positive way, the collaboration supported by the physical blocks -which fostered awareness, control, and availability of actions [71] :4 -strongly contributed to children's involvement in the task, as referred by the [72] :17 teachers and confirmed by the results (the pairs that collaborated played longer with TOK). The mixed pairs seem to bee a good combination for carrying this kind of activities, as together they apparently found a balance between what we have called a game (fight combinations) and story dramatization.
The microphone helped children to coordinate their verbalizations, as the child that held it was also the one that spoke, thus besides being a strong motivational factor the microphone also shaped the interaction, acting as an embodied constraint ([56]:27 and [71]).
As previously referred, this first intervention after TOK's development had an exploratory nature, and sought to understand if the system was intuitive to use, as well as to assess its potential to engage children in activities (within the classroom) that promote the development of oral language and early literacy. Based on our observations, we realized that children quickly understood and appropriated the various mechanisms behind the system to create their stories, engaging mostly in creating narratives or playing language games. The possibility of mixing characters and elements that children know from classic stories (e.g., The three little pigs, Snow white, Zorro) opened up a new creative and exploratory dimension. This, together with the unpredictability generated by the different combinations of story elements, the possibility of actively influencing the story plot, and the availability of various settings provided a framework for creative exploratory tasks, stimulating children's imagination, and triggering new ideas for the construction of narratives, thus creating opportunities for more diversified verbal interactions and extending the opportunities provided by traditional materials. As previously discussed such activities play a major role in the development of oral language and ) -9 early literacy [24, 23] . Interestingly, the teachers reported that as TOK motivated children to involve in storytelling it also awakened in them a renewed interest in classical storybooks. They considered that TOK could be used in combination with traditional storybooks, for exploring different dimensions, from narrative to more specific language skills ( [73] , in press).
Conclusions and future work
Outgoing from research findings that expressed the need ''for research in the design of interactive products for children, related methodology, as well as a scientific account of the interaction between children and technology'' [5] :2; as well as the development of technology that meets children's cognitive and motoric needs, instead of merely transposing traditional pedagogical content to a digital format [6] ; together with the potential of digital manipulatives to involve children in expressive and exploratory learning activities [2, 9] , and the need for more long-term evaluations, including evaluations in the classroom [7, 8] , this study investigated whether a digital manipulative system -TOK -could be used in the classroom, as a tool for supporting the development of oral language skills and emergent literacy. The results showed that TOK was able to provide challenge and adventure, encouraging verbalization and motivating children to collaboratively explore and create narratives. The handling of the physical devices empowered each child to actively participate in the task while promoting peer collaboration.
The results of the study also suggest that pedagogical materials, which are not designed to be explicitly instructional, but instead promote exploratory tasks, verbal interaction and collaboration, have a great potential to foster learning, supporting free but also guided activities within the classroom. This may inform the design of future technology. Thus, besides carrying several design iterations and evaluation sessions with the children, (as shortly summarized in 3.1.) the intervention carried with the functional system further provided valuable insights for the improvement of the interface. Also indicating that the user groups that test the final technology ought to be different than the ones that are involved in the conception and the design in all the other development stages.
The research also showed the importance of a close collaboration between HCI researchers (Human-Computer-Interaction), language researchers and pre-school teachers that mediate the integration of ICT (Information and Communication Technology) in the classroom in order to fully understand its educational potential.
To conclude, this study describes the implementation of a digital manipulative system in an educational context, showing that it is a useful tool that integrates into high quality learning practices.
In the scope of future work and following teachers' suggestions we plan to incorporate the microphone in the interface and implement a recording function. Further, we intend to develop different kits of blocks (software and hardware) for exploring other curricular subjects. Additionally the team plans to create strategies to involve the community in the exploration of these systems, creating a clubhouse involving parents, teachers and volunteers.
